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(54) SRAM WITH SUPPLY CONTROL IN STANDBY MODE

(67)  There is provided a semiconductor storage de-
vice in which memory cells (MC) can easily be set at a
proper potential in standby mode, along with a reduction
in the area of circuitry for controlling the potential
(ARVSS) of source lines of memory cells. A semiconduc-
tor storage device includes static-type memory cells and
a control circuit (21, 31, 32, 41, 42). The control circuit
includes afirstswitching transistor (31) provided between
a source line being coupled to a source electrode of driv-

FIG. 3

ing transistors and a first voltage, a second switching
transistor (32) provided in parallel with the first switching
transistor, and a source line potential control circuit which
makes the first and second switching transistors conduc-
tive to couple the source line to the first voltage, when
the memory cells are operating, and sets the first switch-
ing transistor non-conductive and sets a gate electrode
of the second switching transistor coupled to the source
line in standby mode.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 016 107 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The disclosure of Japanese Patent Application
No. 2014-223183 filed on October 31, 2014 including the
specification, drawings, and abstract is incorporated
herein by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates to a semicon-
ductor storage device and its configurations for reducing
current in standby mode.

[0003] Reducing current in standby mode of a Static
Random Access Memory (SRAM) has so far been pur-
sued. Circuits are proposed which are configured to re-
duce current by controlling the potential of source lines
and lowering voltage that is applied to memory cells in
standby mode in which the memory cells only retains
data, but reading and writing data from/to them are not
performed, apart from normal mode in which reading and
writing data from/to the memory cells are performed.
[0004] In this respect, according to Japanese Pub-
lished Unexamined Patent Application No.2004-206745,
a transistor serving as a power supply switch which is
coupled to source lines of memory cells and a diode-
coupled transistor are separately provided. The transis-
tor serving as the power supply switch is controlled to be
conducting in normal mode and non-conducting in stand-
by mode, when the potential of source lines of memory
cells is controlled by the diode-coupled transistor.
[0005] In a configuration according to Japanese Pub-
lished Unexamined Patent Application No.2007-150761,
a single diode-coupled transistor is only provided and
there is no transistor serving as a power supply switch
which is coupled to source lines of memory cells. This
transistor is conducting in normal mode to bring down
the potential of source lines. In standby mode, the tran-
sistor will be diode-coupled with its gate set equal to the
source potential of memory cells and controls the poten-
tial of source lines of memory cells.

SUMMARY

[0006] However, the configuration proposed in Japa-
nese Published Unexamined Patent Application No.
2004-206745 requires a large area, since the transistor
serving as the power supply switch and the diode-cou-
pled transistor for raising the source lines of the memory
cells are made to operate independently of each other
and an area must be provided for each transistor.

[0007] Inthe configuration proposed in Japanese Pub-
lished Unexamined Patent Application No.2007-150761,
a single transistor is only used and, therefore, area
shrinkage is feasible. But, in a case where a diode-cou-
pled transistor is used to control the potential of source
lines of memory cells, itis required to design the transistor
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to be small in size to reduce current in standby mode.
There is a problem in which such transistor size is too
small to bring the potential of source lines of memory
cells down to ground potential in normal mode. There-
fore, there is a problem in which it is hard to fulfill both
functions with a single transistor and proper sizing of the
transistor is quite difficult.

[0008] Theinvention disclosed herein has been devel-
oped to solve the above problem and aims to provide a
semiconductor storage device in which memory cells can
easily be set at a proper potential to retain data without
corruption and reduce a leak current in standby mode,
along with a reduction in the area of circuitry for control-
ling the potential of source lines of memory cells.
[0009] Other problems and novel features will become
apparent from the description in the present specification
and the accompanying drawings.

[0010] According to one embodiment, a semiconduc-
tor storage device includes a memory array including
multiple memory cells provided in rows and columns and
a control circuit for controlling the memory array. Each
of the memory cells is a static-type memory cell com-
prised of driving transistors, transfer transistors, and load
elements. The control circuit includes a first switching
transistor provided between a source line and a first volt-
age, the source line being coupled to a source electrode
of the driving transistors, a second switching transistor
provided in parallel with the first switching transistor be-
tween the source line and the first voltage, and a source
line potential control circuit that adjusts the potential of
the source line by controlling the first and second switch-
ing transistors. The source line potential control circuit
makes the first and second switching transistors conduc-
tive to couple the source line to the first voltage, when
the memory cells are operating, and sets the first switch-
ing transistor non-conductive and sets a gate electrode
of the second switching transistor coupled to the source
line, when the memory cells are in standby mode.
[0011] According to one embodiment, it is possible to
easily set the memory cells at a proper potential to retain
data without corruption and reduce a leak current in
standby mode, along with a reduction in the area of cir-
cuitry for controlling the potential of source lines of mem-
ory cells.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is an outside structure diagram of a semicon-
ductor storage device based on an embodiment.
Fig. 2 is a diagram to explain a configuration of a
memory array MA and peripheral circuits based on
an embodiment.

Fig. 3 is a diagram to explain a configuration of a
source line potential control circuit based on an em-
bodiment.

Fig. 4 is a diagram to explain the potential levels of
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signals in standby mode based on an embodiment.
Fig. 5 is a diagram to explain switching transistors
based on Modification Example 1 of an embodiment.
Fig. 6 is a diagram to explain a memory array layout
configuration based on Modification Example 1 of an
embodiment

Fig. 7 is a diagram to explain switching transistors
based on Modification Example 2 of an embodiment.
Fig. 8 is a diagram to explain a memory array layout
configuration based on Modification Example 2 of an
embodiment.

Fig. 9 is a diagram to explain where drivers 41, 42
are arranged, based on Modification Example 2 of
an embodiment.

Fig. 10 is a diagram to explain a source line potential
control circuit configuration based on Modification
Example 3 of an embodiment.

Fig. 11 is a diagram to explain a source line potential
control circuit configuration based on Modification
Example 4 of an embodiment.

DETAILED DESCRIPTION

[0013] Embodiments of the present invention will now
be described in detail with reference to the drawings. In
the drawings, identical or corresponding components are
assigned the same referential numbers or marks and
their description is not repeated.

[0014] Fig. 1is an outside structure diagram of a sem-
iconductor storage device based on an embodiment.
[0015] AsdepictedinFig. 1,the semiconductor storage
device includes a driver & decoder 17, a memory array
MA, a controlunit 19, and an /O circuitgroup 2. Adecoder
is a simplified term of an address decoder.

[0016] The control unit 19 controls all functional blocks
of the semiconductor storage device. Particularly, the
control unit 19 outputs a row address signal to the driver
& decoder 17, based on an address signal which has
been input to it. The control unit 19 also outputs various
signals to drive the I/O circuit group 2.

[0017] The memory array MA has multiple memory
cells arranged in rows and columns. The memory cells
in the memory array MA are provided to be rewritable.
[0018] The driver & decoder 17 drives word lines WL
provided to correspond respectively to the rows of the
memory cells arranged in rows and columns in the mem-
ory array MA.

[0019] The I/O circuit group 2 is comprised of plural I/O
circuits which are provided as input/output circuits for
reading data from or writing data to the memory array MA.
[0020] Fig. 2 is a diagram to explain a configuration of
the memory array MA and peripheral circuits based on
an embodiment.

[0021] As depicted in Fig. 2, in the present example,
descriptions are provided about a configuration of the
memory array and a source line potential control circuit
or the like which adjusts the potential of source lines pro-
vided in the memory array.
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[0022] The memory array MA has multiple memory
cells MC arranged in rows and columns. Each memory
cell MC is an SRAM (Static Random Access Memory)
cell provided to be rewritable. Each memory cell MC is
a static-type memory cell configured with driving transis-
tors, transfer transistors, and load elements, which will
be described later.

[0023] In the present example, memory cells MC ar-
ranged in two rows and four columns are depicted by
way of example.

[0024] Multiple word lines WL are provided to corre-
spond respectively to the rows of the memory cells in the
memory array MA.

[0025] The driver &decoder 17 includes word line driv-
ers WD which are provided to correspond to the word
lines WL.

[0026] The control unit 19 includes various control cir-
cuits; in the present example, it includes a control circuit
& address decoder 20 and a standby control circuit 21.
[0027] The control circuit & address decoder 20 con-
trols operation in normal mode and in standby mode and
outputs a row address signal, which is a result of decod-
ing an address signal by the address decoder, to a word
line driver WD.

[0028] A word line driver WD activates a word line WL
selected according to a row address signal.

[0029] Accordingtoa control signal RS from the control
circuit & address decoder 20, the standby control circuit
21 outputs control signals RSB1, RSB2 and adjusts the
potential of a source line.

[0030] Multiple bit line pairs BL, /BL are provided to
correspond respectively to the columns of the memory
cells in the memory array MA. In the present example,
four bit line pairs are provided to correspond to four col-
umns of memory cells.

[0031] An I/O circuit 2A includes, inter alia, selection
circuits which are provided for each of the four columns
of memory cells arranged in rows and columns to select
one of the four columns, and a sense amplifier, a write
driver, and bit line precharging circuits.

[0032] The source electrodes of all the memory cells
MC are coupled to a source line ARVSS and plural
switching transistors are provided coupled to the source
line ARVSS.

[0033] In the present example, plural switching tran-
sistors are provided between the source line ARVSS and
a ground voltage VSS. When the memory cells MC are
operating, the source line ARVSS is coupled to the
ground voltage. When the memory cells are in standby
mode, a subset of the switching transistors behaves to
couple a gate electrode thereof to the source line ARVSS
and the remaining subset of the switching transistors is
set non-conductive.

[0034] In the present example, a first switching tran-
sistor 31 and a second switching transistor 32 are pro-
vided.

[0035] The first switching transistor 31 and the second
switching transistor 32 are provided to be coupled in par-
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allel.

[0036] Fig. 3 is a diagram to explain a configuration of
a source line potential control circuit based on an em-
bodiment.

[0037] As depicted in Fig. 3, the source line potential
control circuit includes the standby control circuit 21 and
first and second switching transistors 31, 32.

[0038] The configuration of the memory cells MC is
also depicted in Fig. 3. Each of the memory cells depicted
here is an SRAM cell comprised of six transistors includ-
ing two access transistors ATO, AT1 (transfer transis-
tors), driving transistors NTO, NT1, and load transistors
PTO, PT1 (load elements).

[0039] The access transistors ATO, AT1 in a memory
cell are electrically coupled to a word line WL correspond-
ing to a row in which the memory cell is located. The
access transistors AT0, AT1 become conductive upon
activation of the word line when reading data from or
writing data to the memory cell MC.

[0040] The standby control circuit 21 includes drivers
41, 42,
[0041] Thedrivers41,42 are configured as aninverter.

A driver 41 includes a P-channel MOS transistor 44 and
an N-channel MOS transistor 45. A driver 42 includes a
P-channel MOS transistor 46 and an N-channel MOS
transistor 47.

[0042] The P-channel MOS transistor 44 and N-chan-
nel MOS transistor 45 are provided between a power
supply voltage VDD and the ground voltage VSS and
their gates receive a control signal RS as an input. And,
an output of the driver 41 is input to a gate of the first
switching transistor 31 as a control signal RSB1.

[0043] The P-channel MOS transistor 46 and N-chan-
nel MOS transistor 47 are provided between the power
supply voltage VDD and the source line ARVSS and their
gates receive a control signal RS as an input. And, an
output of the driver 42 is input to a gate of the second
switching transistor 32 as a control signal RSB2.

[0044] The first switching transistor 31 is provided be-
tween the source line ARVSS and the ground voltage
VSS and its gate receives the control signal RSB1 as an
input.

[0045] The second switching transistor 32 is provided
between the source line ARVSS and the ground voltage
VSS and its gate receives the control signal RSB2 as an
input.

[0046] Fig.4isadiagram to explain the potential levels
of signals in standby mode based on an embodiment.
[0047] Descriptions are provided aboutoperation upon
rise of the control signal RS from "L" level to "H" level,
as represented in Fig. 4, namely, standby mode opera-
tion.

[0048] The control circuit & address decoder 20 sets
the control signal RS at "L" level in normal mode and sets
the RS signal at "H" level in standby mode.

[0049] Thedrivers 41,42 setthe control signals RSB1,
RSB2 depending on the control signal RS. Particularly,
when the control signal RS is "L" level, the P-channel
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MOS ftransistors 44 and 46 become conductive to set
both the control signals RSB1, RSB2 at "H" level.
[0050] Thereby, the gates of the first and second
switching transistors 31, 32 are set to a potential of "H"
level and, thus, the first and second switching transistors
31, 32 become conductive. It follows that the source line
ARVSS s electrically coupled to the ground voltage VSS.
[0051] When the control signal RS is "H" level, the N-
channel MOS transistor 45 becomes conductive. There-
by, the control signal RSB1 is setat "L" level and the gate
of the first switching transistor 31 is set to a potential of
"L" level. It follows that the source line ARVSS is electri-
cally decoupled from the ground voltage VSS.

[0052] When the control signal RS is "H" level, the N-
channel MOS transistor 47 also becomes conductive.
Thereby, the gate of the second switching transistor 32
is electrically coupled to the source line ARVSS. Itfollows
that the control signal RSB2 is set at the same potential
level as the source line ARVSS.

[0053] In this regard, the potential of the source line
ARVSS is balanced by a leak current from the memory
cells MC and a passing current through the diode-cou-
pled second switching transistor 32 and set at an inter-
mediate potential between the power supply voltage VDD
and the ground voltage VSS. A potential difference be-
tween the power supply voltage VDD and the intermedi-
ate potential is set to a voltage higher than a voltage that
allows the memory cells MC to retain data.

[0054] Because the source line ARVSS based on the
present embodiment is set at an intermediate potential
in standby mode by the source line potential control cir-
cuit, it is possible to reduce a leak current. In this regard,
the intermediate potential can easily be adjusted by ad-
justing the size of the second switching transistor 32,
such as its gate length and width and the number of
switching transistors.

[0055] Innormal mode, the second switching transistor
32 becomes conductive and the first switching transistor
31 also becomes conductive, thus bringing the potential
of the source line ARVSS down to the ground voltage
VSS. Because the first and the second switching tran-
sistors 31 and 32 become conductive in this way, it is not
necessary to increase the size of the first switching tran-
sistor 31 and it is possible to reduce the area for these
transistors. In standby mode, the first switching transistor
31 becomes non-conductive and the second switching
transistor 32 only will be diode-coupled. Therefore, the
source potential of the source line ARVSS can be adjust-
ed by adjusting the size of only the second switching
transistor 32.

[0056] In the present example, the configuration has
been described in which the first and second transistors
31, 32, each of which is at least one in number, by way
of example, are provided coupled to the source line
ARVSS. This is non-limiting, however, and a configura-
tion may be adopted in which the first and second switch-
ing transistors 31 and 32 which are plural in number are
provided to adjust the potential of the source line ARVSS.
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<Modification Example 1>

[0057] Fig. 5 is a diagram to explain switching transis-
tors based on Modification Example 1 of an embodiment.
[0058] As depicted in Fig. 5, Modification Example 1
is a configuration in which switching transistors are ar-
ranged at the upper and lower end sides of columns of
the memory array MA.

[0059] Particularly, a configuration is depicted in which
the memory array is divided into subdivisions, each sub-
division being at least one column of memory cells. In
this configuration, source lines are provided for each sub-
division column of memory cells and first and second
switching transistors 31, 32 are provided coupled to each
of the source lines at one end side and the other end side
of each column. In the present example, subdivision col-
umns of memory cells MCAQ to MCAn are depicted.
[0060] In the present example, descriptions are pro-
vided about the case in which the memory array is divided
into subdivisions, each subdivision being one column of
memory cells. This is non-limiting, however, and the
memory array may be divided into subdivisions, each
subdivision being two or more columns of memory cells.
[0061] This configuration makes it possible to dis-
charge each source line from its one end and both ends.
[0062] If switching transistors are provided coupled to
a source line only at its one end, it takes some time to
bring the potential of the source line ARVSS in a section
far from the switching transistors down to the ground volt-
age VSS. By bringing down the potential of the source
line ARVSS from its both ends, a difference in time to
discharge charge accumulated on the source line
ARVSS can be lessened and it becomes easier to design
timing to trigger the memory cells MC to operate.
[0063] Becausecolumnsof memory cells are arranged
iteratively in uniform units, it is possible to keep the po-
tential of the source lines ARVSS constantindependently
of the number of columns of memory cells.

[0064] Fig. 6 is a diagram to explain a memory array
layout configuration based on Modification Example 1 of
an embodiment.

[0065] As depicted in Fig. 6, a memory array layout
configuration in which switching transistors are laid out
at one end side and the other end side of each column
is depicted.

[0066] As alayoutin a memory cell MC, depicted here
is a layout in an SRAM cell comprised of six transistors
including access transistors AT0, AT1 (transfer transis-
tors), driving transistors NTO, NT1, and load transistors
PTO, PT1 (load elements).

[0067] First and second switching transistors 31, 32
are provided adjacent to the memory cell MC.

[0068] A first switching transistor 31 is depicted in
which three transistor elements are coupled in parallel
with each other; these transistor elements receive at their
gate electrodes a control signal RSB1 as an input and
their source electrodes are coupled to a ground voltage
VSS and their drain electrodes are coupled to a source
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line ARVSS.

[0069] A second switching transistor 32 is depicted in
which two transistor elements are coupled in parallel with
each other; these transistor elements receive at their gate
electrodes a control signal RSB2 as an input and their
source electrodes are coupled to the ground voltage VSS
and their drain electrodes are coupled to the source line
ARVSS.

[0070] Inthe configuration as depicted here, the layout
area for the first switching transistor 31 is larger than that
for the second switching transistor 32.

<Modification Example 2>

[0071] Fig. 7 is a diagram to explain switching transis-
tors based on Modification Example 2 of an embodiment.
[0072] As depicted in Fig. 7, Modification Example 2
is a configuration in which switching transistors are ar-
ranged at the upper and lower end sides of columns of
the memory array MA.

[0073] Particularly, a configuration is depicted in which
the memory array is divided into subdivisions, each sub-
division being at least one column of memory cells. In
this configuration, source lines are provided for each sub-
division column of memory cells, first switching transis-
tors 31 are provided coupled to each of the source lines
at one end side of each column, and second switching
transistor 32 are provided coupled to each of the source
lines at the other end side of each column.

[0074] This configuration makes it possible to dis-
charge each source line from its one end and other end.
[0075] If switching transistors are provided coupled to
a source line only at its one end, it takes some time to
bring the potential of the source line ARVSS in a section
far from the switching transistors down to the ground volt-
age VSS. By bringing down the potential of the source
line ARVSS from its both ends, a difference in time to
discharge charge accumulated on the source line
ARVSS canbe lessened and it becomes easier to design
timing to trigger the memory cells MC to operate.
[0076] Because columnsof memory cells are arranged
iteratively in uniform units, it is possible to keep the po-
tential of the source lines ARVSS constantindependently
of the number of columns of memory cells.

[0077] Fig. 8 is a diagram to explain a memory array
layout configuration based on Modification Example 2 of
an embodiment.

[0078] As depicted in Fig. 8, a memory array layout
configuration in which switching transistors are laid out
at one end side and the other end side of each column
is depicted.

[0079] A first switching transistor 31 is provided adja-
centto a memory cell MC at one end side of each column
and a second switching transistor 32 is provided at the
other end side of the column.

[0080] A first switching transistor 31 is depicted in
which three transistor elements are coupled in parallel
with each other; these transistor elements receive at their
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gate electrodes a control signal RSB1 as an input and
their source electrodes are coupled to a ground voltage
VSS and their drain electrodes are coupled to a source
line ARVSS.

[0081] A second switching transistor 32 is depicted in
which a single transistor element is provided; the tran-
sistor element receives at its gate electrode a control
signal RSB2 as an input and its source electrode is cou-
pled to the ground voltage VSS and its drain electrode
is coupled to the source line ARVSS.

[0082] Inthe configuration as depicted here, the layout
area for the first switching transistor 31 is larger than that
for the second switching transistor 32.

[0083] Fig. 9 is a diagram to explain where drivers 41,
42 are arranged, based on Modification Example 2 of an
embodiment.

[0084] As depicted in Fig. 9, an example is illustrated
in which a driver 41 is provided at one end side of each
column, where a first switching transistor 31 is provided,
and a driver 42 is provided at the other end side of each
column, where a second switching transistor 32 is pro-
vided.

[0085] As described previously, a first switching tran-
sistor 31 is arranged at one end side of each column of
memory cells and a second switching transistor 32 is
arranged at the other end side of each column. A source
line ARVSS is coupled to these transistors by wiring on
an upper layer and further coupled to each memory cell
via wiring on a lower layer which is provided for each row
of memory cells. The drivers 41, 42 to drive the first and
second switching transistors 31, 32 are accordingly ar-
ranged at one end side and the other end side of each
column respectively, thereby making it possible to easily
design a wiring layout for control signals RSB1, RSB2 to
control the first and second switching transistors. If first
switching transistors are arranged at both end sides of
each column, signal wiring must be provided at both the
end sides. However, because a first switching transistor
is arranged at one end side of each column, itis possible
to provide signal wiring only at the one end side.

[0086] The first switching transistor 31 is arranged be-
tween the memory cell MC and the 1/O circuit group 2
and the driver 41 is arranged at one end side of each
column of memory cells in the vicinity of the 1/O circuit
group 2. Because many signal wiring lines such as bit
lines are required to couple the memory cell MC and the
I/O circuit group 2, arranging the driver 41 which is an
simple inverter at one end side in the vicinity of the 1/0
circuit group and arranging the driver 42 which controls
the switching transistor 32 to be diode-coupled in standby
mode at the other end side would make it possible to
easily design wiring layouts.

<Modification Example 3>
[0087] In the foregoing embodiments, descriptions

were provided about the source line potential control cir-
cuit that properly sets the potential of a source line
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ARVSS which is coupled to the driving transistors NTO,
NT1 of amemory cell MC. Also for a source power supply
line which is coupled to a source electrode of load tran-
sistors PTO, PT1 and feeds a power supply voltage VDD,
the above source line potential control circuit can be ap-
plied in a similar manner.

[0088] Fig. 10 is a diagram to explain a source line
potential control circuit configuration based on Modifica-
tion Example 3 of an embodiment.

[0089] As depictedin Fig. 10, as the source line poten-
tial control circuit, a standby control circuit 21 further in-
cludes aninverter 60, drivers 61, 64, and first and second
power supply switching transistors 71, 72.

[0090] Thedrivers 61,64 are configured as aninverter.
A driver 61 includes a P-channel MOS transistor 62 and
an N-channel MOS transistor 63. A driver 64 includes a
P-channel MOS transistor 65 and an N-channel MOS
transistor 66.

[0091] The P-channel MOS transistor 65 and N-chan-
nel MOS transistor 66 are provided between a power
supply voltage VDD and a ground voltage VSS and their
gates receive, as an input, an inversion signal of a control
signal RS via the inverter 60. And, an output of the driver
64 is input to a gate of a first power supply switching
transistor 71 as a control signal RPB1.

[0092] The P-channel MOS transistor 62 and N-chan-
nel MOS transistor 63 are provided between a source
power supply line ARVDD and the ground voltage VSS
and their gates receive, as an input, an inversion signal
of a control signal RS via the inverter 60. And, an output
ofthedriver 61 is input to a gate of a second power supply
switching transistor 72 as a control signal RPB2.

[0093] The first power supply switching transistor 71
is provided between the power supply voltage VDD and
the source power supply line ARVDD and its gate re-
ceives the control signal RPB1 as an input.

[0094] The second power supply switching transistor
72 is provided between the power supply voltage VDD
and the source power supply line ARVDD and its gate
receives the control signal RPB2 as an input.

[0095] The control circuit & address decoder 20 sets
the control signal RS at"L" level in normal mode and sets
the RS signal at "H" level in standby mode.

[0096] Thedrivers 61,64 setthe control signals RPB1,
RPB2 depending on the control signal RS. Particularly,
when the control signal RS is "L" level, the N-channel
MOS ftransistors 63 and 66 become conductive to set
both the control signals RPB1, RPB2 at "L" level.
[0097] Thereby,the gates ofthe firstand second power
supply switching transistors 71, 72 are set to a potential
of "L" level and, thus, the first and second power supply
switching transistors 71, 72 become conductive. It follows
that the source power supply line ARVDD is electrically
coupled to the power supply voltage VDD.

[0098] When the control signal RS is "H" level, the P-
channel MOS transistor 65 becomes conductive. There-
by, the control signal RPB1 is set at "H" level and the
gate of the first power supply switching transistor 71 is
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set to a potential of "H" level. It follows that the source
power supply line ARVDD is electrically decoupled from
the power supply voltage VDD.

[0099] When the control signal RS is "H" level, the P-
channel MOS transistor 62 also becomes conductive.
Thereby, the gate of the second power supply switching
transistor 72 is electrically coupled to the source power
supply line ARVDD. Itfollows that the control signal RPB2
is set at the same potential level as the source power
supply line ARVDD.

[0100] In this regard, the potential of the source power
supply line ARVDD is balanced by a leak current from
the memory cells MC and a passing current through the
diode-coupled second power supply switching transistor
72 and set at an intermediate potential between the pow-
er supply voltage VDD and the ground voltage VSS. A
potential difference between the power supply voltage
VDD and the intermediate potential is set to a voltage
higher than a voltage that allows the memory cells MC
to retain data.

[0101] Because the source power supply line ARVDD
based on the present embodiment is set at an interme-
diate potential in standby mode by the source line poten-
tial control circuit, it is possible to reduce a leak current.
In this regard, the intermediate potential can easily be
adjusted by adjusting the size of the second power supply
switching transistor 72, such as its gate length and width
and the number of switching transistors.

[0102] In normal mode, the second power supply
switching transistor 72 becomes conductive and the first
power supply switching transistor 71 also becomes con-
ductive, thus bringing the potential of the source power
supply line ARVDD up to the power supply voltage VDD.
Because the first and the second power supply switching
transistors 71 and 72 become conductive in this way, it
is not necessary to increase the size of the first power
supply switching transistor 71 and it is possible to reduce
the area for these transistors. In standby mode, the first
power supply switching transistor 71 becomes non-con-
ductive and the second power supply switching transistor
72 only will be diode-coupled. Therefore, the source po-
tential of the source power supply line ARVDD can be
adjusted by adjusting the size of only the second power
supply switching transistor 72.

[0103] The present configuration can be combined
with any of other modification examples.

<Modification Example 4>

[0104] In the foregoing embodiments, descriptions
were provided about a method of properly setting the
potential of a source line ARVSS according to a control
signal RS to control operation in standby mode. Partic-
ularly, descriptions were provided about a method of set-
ting the potential of a source line ARVSS to an interme-
diate potential between the power supply voltage VDD
and ground voltage VSS so that the memory cells will
retain data and, besides, a leak current will be reduced.
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[0105] On the other hand, a case where the memory
cells do not need to retain data is also conceivable in a
situation of the semiconductor storage device.

[0106] In Modification Example 4 of an embodiment,
descriptions are provided about a method of controlling
the potential of a source line in a case where the memory
cells do not need to retain data.

[0107] Fig. 11 is a diagram to explain a source line
potential control circuit configuration based on Modifica-
tion Example 4 of an embodiment.

[0108] Incomparison withthe sourceline potential con-
trol circuit described with Fig. 3, a source line potential
control circuit based on Modification Example 4 of an
embodiment differs in that the driver 42 is replaced by a
driver 42# and the driver 42# also receives a control sig-
nal SD as an input, as depicted in Fig. 11. Other parts of
the configuration are the same as in Fig. 3; their detailed
description is not repeated.

[0109] The driver 42# includes a P-channel MOS tran-
sistor 46 and an N-channel MOS transistor 47, and an
AND circuit 50, an inverter 51, a NOR circuit 52, and an
N-channel MOS transistor 53.

[0110] The P-channel MOS transistor 46 and the N-
channel MOS transistor 47 are provided between a pow-
er supply voltage VDD and a source line ARVSS. A gate
of the P-channel MOS ftransistor 46 receives a control
signal RS as an input. A gate of the N-channel MOS
transistor 47 receives an output signal of the AND circuit
50. The AND circuit 50 outputs a result of an AND logical
operation on a control signal RS and a control signal SD
to the gate of the N-channel MOS transistor 47.

[0111] The N-channel MOS transistor 53 is coupled
between the gate of an N-channel MOS transistor 32 and
the source line ARVSS. A gate of the N-channel MOS
transistor 53 receives an output signal of the NOR circuit
52. The NOR circuit 52 outputs a result of a NOR logical
operation on an inversion signal of the control signal RS
via the inverter 51 and the control signal SD to the gate
of the N-channel MOS transistor 53.

[0112] The control circuit & address decoder 20 sets
the control signal RS at"L" level in normal mode and sets
the RS signal at "H" level in standby mode.

[0113] Besides, the control circuit & address decoder
20 sets the control signal SD at "L" level in normal mode
and sets the control signal SD at "H" level when a shut-
down is performed so that the memory cells will not need
to retain data.

[0114] The drivers 41, 42# set control signals RSB1,
RSB2 depending on the control signal RS. Particularly,
when the control signal RS is "L" level, the P-channel
MOS ftransistors 44 and 46 become conductive to set
both the control signals RSB1, RSB2 at "H" level.
[0115] Thereby, the gates of the first and second
switching transistors 31, 32 are set to a potential of "H"
level and, thus, the first and second switching transistors
31, 32 become conductive. It follows that the source line
ARVSSiis electrically coupled to the ground voltage VSS.
[0116] When the control signal RS is "H" level, the N-
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channel MOS transistor 45 becomes conductive. There-
by, the control signal RSB1 is set at"L" level and the gate
of the first switching transistor 31 is set to a potential of
"L" level. It follows that the source line ARVSS is electri-
cally decoupled from the ground voltage VSS.

[0117] In the driver 42#, on the other hand, when the
control signal RS is "H" level, operation differs depending
on the state of the control signal SD.

[0118] Particularly, when the control signal RS is "H"
level and the control signal SD is "L" level, the N-channel
MOS transistor 53 becomes conductive. Thereby, the
gate of the second switching transistor 32 is electrically
coupled to the source line ARVSS. It follows that the con-
trol signal RPB2 is set at the same potential level as the
source line ARVSS.

[0119] On the other hand, when the control signal RS
is "H" level and the control signal SD is "H" level, the N-
channel MOS transistor 47 becomes conductive. There-
by, the gate of the second switching transistor 32 is set
to a potential of "L" level and this transistor is set non-
conductive.

[0120] Thus, the source line ARVSS becomes open
and the memory cells MC become unable to retain data.
[0121] The present configuration makes it possible to
make a further reduction in power consumption by shut-
ting off the supply of power to the source line ARVSS in
a case where the memory cells do not need to retain data
in a situation of the semiconductor storage device.
[0122] While the invention disclosed herein has been
described specifically based on its embodiments herein-
before, it goes without saying that the present invention
is not limited to the embodiments and various modifica-
tions may be made thereto without departing from the
scope of the invention.

Claims
1. A semiconductor storage device comprising:

a memory array comprising a plurality of mem-
ory cells provided in rows and columns; and

a control circuit for controlling the memory array,
each of the memory cells being a static-type
memory cell comprising driving transistors,
transfer transistors, and load elements,

the control circuit comprising:

afirst switching transistor provided between
a source line and a first voltage, the source
line being coupled to a source electrode of
the driving transistors;

a second switching transistor provided in
parallel with the first switching transistor be-
tween the source line and the first voltage;
and

asource line potential control circuit that ad-
justs the potential of the source line by con-
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trolling the first and second switching tran-
sistors,

wherein, the source line potential control cir-
cuit makes the first and second switching
transistors conductive to couple the source
line to the first voltage, when the memory
cells are operating, and sets the first switch-
ing transistor non-conductive and sets a
gate electrode of the second switching tran-
sistor coupled to the source line, when the
memory cells are in standby mode.

The semiconductor storage device according to
claim 1,

wherein the memory array is divided into subdivi-
sions, each subdivision being at least one column of
memory cells, and

wherein the first and second switching transistors
are coupled to source lines provided for each sub-
division column of memory cells.

The semiconductor storage device according to
claim 1 or 2,

wherein a plurality of first and second switching tran-
sistors are provided,

wherein atleast one pair of firstand second switching
transistors among the first and second switching
transistors is provided coupled to a source line at
one end side of each subdivision column of memory
cells, and

wherein another pair of first and second switching
transistors among the first and second switching
transistors is provided coupled to a source line at the
other end side of each subdivision column of memory
cells.

The semiconductor storage device according to
claim1, 2 or 3,

wherein the first switching transistor is provided cou-
pled to a source line at one end side of each subdi-
vision column of memory cells, and

wherein the second switching transistor is provided
coupled to a source line at the other end side of each
subdivision column of memory cells.

The semiconductor storage device according to one
of claims 1 to 4, further comprising:

a first driver to drive the first switching transistor
according to a first control signal; and

a second driver to drive the second switching
transistor according to the first control signal.

The semiconductor storage device according to
claim 5,wherein the second driver drives the second
switching transistor depending on a combination of
the first control signal and a second control signal.
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The semiconductor storage device according to one
of claims 1 to 6,

wherein the first switching transistor is larger than
the second switching transistor.

A semiconductor storage device comprising:

a memory array comprising a plurality of mem-

ory cells provided in rows and columns, each of

the memory cells being a static-type memory 170
cell comprising driving transistors, transfer tran-
sistors, and load elements; and

a plurality of switching transistors provided be-
tween a source line and a source voltage, the
source line being coupled to a source electrode 15
of the driving transistors;

wherein the switching transistors behave to cou-

ple the source line to the first voltage, when the
memory cells are operating, and a subset of the
switching transistors behaves to couple a gate 20
electrode thereof to the source line and the re-
maining subset of the switching transistors is set
non-conductive, when the memory cells are in

standby mode.
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FIG. 4
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FIG. 5
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FIG. 7
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